This is a continuation of work begun in 1926 by Darbi [1] and Bessel-Hagen (see [8] , p. 302) who determined all normal binomials over Q. Recently, Mann and Velez [5] considered binomials having a weaker property than normal but stronger than partially normal, namely, K{ά) is the splitting field for any root a. They obtained a complete classification of such binomials together with their Galois groups in case the ground field is Q. In a similar direction, but for arbitrary ground field, Schinzel [7] has characterized two types of binomials: (a) those with abelian Galois group and (b) those whose polynomial degree is a power of a prime and which are products of normal factors.
The central role played by partially normal binomials in the general structure theory of pure extensions has been pointed out by Norris and Velez in [6] . The results of Darbi and Bessel-Hagen, Mann and Velez have been generalized for real fields by Gay [3] .
In §2, we create a general setting by considering partially normal binomials over a typical real algebraic number field. (We have chosen this general setting to begin with in order to give more insight and to sketch how the results of this paper might be generalized to real fields.) In §3, we return to the rational numbers, apply the results of §2, and state a classification theorem. Sections 4 and 5 are devoted to proving this theorem. Finally, in §6, we compute the Galois groups of these binomials.
2Φ Generalities on partially normal binomial extensions of real fields* In what follows we let R denote a fixed real algebraic number field. This section will be devoted to consequences of the following. DEFINITION . The binomial x m -a e R [x] is partially normal over R if there is a root a of x m -a such that R(a) is the splitting field of x m -a over R. Such a root a is called a generating root.
Let ζ n be a primitive nth. root of unity. Let φ B {n) = [R(ζJ: R\. Thus φ R is an Euler's ^-function relative to the field R. In particular, φ Q (ri) = Φ(n). PROPOSITION 
The binomial x m -a e R[x] is partially normal over R iff there exists a root Ί of x
m -a such that R(ζ m ) £ iZ (7) . Corollary 3.4 marks out the possibilities for partially normal binomials over Q quite clearly. The following theorem (our main result) gives necessary and sufficient conditions for when one of these admissible binomials is actually partially normal. 
Furthermore, if x m -a is partially normal over R with generating root a, then there is a positive integer s such that [R(a): R]
a; m + 6 m/6 is partially normal with s = 3, q = 6<= ,J, T/Tί Q(ζJ a^d τ/Tί Q(ζ 2w/3 ).
We will prove this theorem in § 5 after stating and proving some useful lemmas. 4* Square roots and generators of cyclotomic extensions • In this section we will state and prove some results which will be used to prove our main Theorem 3,5. These results are independent of the rest of this paper and are partial responses to the following question: for what positive integers 6, m, n is it the case that Q(ζ m V~b) = Q(ζJ? We will use (implicitly) the following known result from Galois theory. (See, for example, [2] p. 240.) The proof of the converse is analogous to that of (A). Proof. (A) We will show that (i) => (iii) « (ii) => (i). Suppose VTe Q(ζ 2m ) and τ/Tί Q(ζJ. Thus 8 | m. It follows that, since m is even, either 2||m or 4||m. In the first case it also follows that the square free part of b must be odd and that τ/^6 6 Q(ζ w ). In the second case it also follows that the square free part of b is even and V b/2 e Q(ζ m ). This shows that (i) implies (iii). Now assume that (iii) holds. Clearly Q(ζ2«τ/"δ) is an extension of Q(ζ w ). Thus, in case 2||m, In case 4||m,
This shows that (iii) implies (ii).
That ( forcing the latter to be p.n. with s = 2. This completes the proof of the theorem.
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We conclude this section with an example.
Lest one suspect that, if x™ -b is partially normal, its splitting field can always be generated by a -ζ m Λ/ 6, consider the polynomial x 12 -3 6 . According to Theorem 3.5 (3) , this polynomial is partially normal with s = 1, q -2 and generating root ζf 2 τ/ 3 for some positive integer j. Thus Q(ζί 2 ϊ/~3~) = Q(ζ 12 ). If (j, 12) = 2, then by Lemma 4.3 (B) , Q(ζ( 2 VΎ) = Q(ζ 12 ) follows._However, if (i, 12^= 1, ζί 2 VΎ = (±Q(±_C 3 )i/3 = (±l/2)i(~l + V-Z)VZ = (±l/2)(τ/-3 + 3). Thus QCC^V 7 3 ) = Q(ζ 3 ). Consequently, ζ 12 i/ 3 is not a generating root for x 12 -3 6 but ζ 6 τ/~3~ is! 6* Galois groups of partially normal binomials* In this section we will determine the Galois groups of the binomials listed in Theorem 3.5. We will assume the known facts about the Galois group of Q(ζJ (see [4] , Chapter 8) 
for p an odd prime and that G(Q(ζ m J) -G(Q(ζ J) x G(Q(ζJ) wherever (n, m) = 1. We will also assume the Galois theoretic fact ([4] p. 196) that if A and B are two Galois extensions of C with groups G and H respectively, then the group (over C) of the compositum AB is GxHiff 4nδ = C.
The following theorem determines the groups of the binomials of 3.5 except cases (6) and (7) (which will be treated separately). (
. Here S 3 denotes the symmetric group on 3 letters.
Proof. (1) , (3) and (4) The remainder of this section will be devoted to calculating the groups of (6) and (7) of 3.5. To do this we will use the following lemma and its corollaries. (6) We now turn to case (7) Let β -ζ 2 &+i V 6. We know that F 0 (β) is an extension of degree 2 over F 0 (ζ 2 k) so that there is an automorphism σ of F 0 (β) such that a(β) = -/3 with fixed field F 0 (ζ 2 k). On the other hand, the group of F 0 (ζ 2k ) is the direct product of cyclic groups of orders 2 h 9 2, 2 fc~2 with respective generators p 9 σ l9 σ 2 . Denoting by the same letters extensions of these generators to F 0 (β), we have that the group G' of F 0 (β) is generated by σ, p, σ ί9 σ 2 . On From these formulas, it is a straightforward matter to determine relations amongst the generators σ, p 9 σ l9 and σ 2 . For one, σ\ k~2 = σ. We summarize the rest in the following. 
